To examine the relationship between the sleep rhythm and the gonadal feedback system in the guinea pig, the effects of estrous cycle, gonadal steroids and brain deafferentations on the sleep rhythm were studied and the following results were obtained; 1) the guinea pigs did not show an apparent circadian rhythmicity in the sleep-wakefulness cycle but showed an ultradian rhythm, whereas, the activity rhythm was circadian, 2) the rhythm in paradoxical sleep (PS) showed changes associated with the estrous cycle which were characterized by a decrease and rebound-like increase in PS amounts on the day of proestrus, 3) the horizontal deafferentation above the medial preoptic area at the level of the anterior commissure (MPO roof cut) did not disrupt the estrous cycle dependent changes in the PS rhythm, but the prechiasmatic deafferentation of the medial basal hypothalamus (PCD) and the large complete deafferentation of the medial basal hypothalamus (CDL) disrupted them, 4) ovariectomy (OVX) did not result in any changes in sleep and activity rhythms, 5) an administration of estradiol benzoate (E2) to OVX guinea pig caused a decrease in the amount of PS and an administration of progesterone (P) 48 h after E 2 caused a more pronounced decrease and rebound-like increase in the amount of PS, 6) the MPO roof cut did not affect the steroidal modification of the PS rhythm and the PCD disrupted it, while the CDL-animal also showed a E 2-induced PS decrease.
Abstract
To examine the relationship between the sleep rhythm and the gonadal feedback system in the guinea pig, the effects of estrous cycle, gonadal steroids and brain deafferentations on the sleep rhythm were studied and the following results were obtained; 1) the guinea pigs did not show an apparent circadian rhythmicity in the sleep-wakefulness cycle but showed an ultradian rhythm, whereas, the activity rhythm was circadian, 2) the rhythm in paradoxical sleep (PS) showed changes associated with the estrous cycle which were characterized by a decrease and rebound-like increase in PS amounts on the day of proestrus, 3) the horizontal deafferentation above the medial preoptic area at the level of the anterior commissure (MPO roof cut) did not disrupt the estrous cycle dependent changes in the PS rhythm, but the prechiasmatic deafferentation of the medial basal hypothalamus (PCD) and the large complete deafferentation of the medial basal hypothalamus (CDL) disrupted them, 4) ovariectomy (OVX) did not result in any changes in sleep and activity rhythms, 5) an administration of estradiol benzoate (E2) to OVX guinea pig caused a decrease in the amount of PS and an administration of progesterone (P) 48 h after E 2 caused a more pronounced decrease and rebound-like increase in the amount of PS, 6) the MPO roof cut did not affect the steroidal modification of the PS rhythm and the PCD disrupted it, while the CDL-animal also showed a E 2-induced PS decrease.
From these results, it appears that the guinea pig may be a circadian animal, but this may not be seen in the sleep-wakefulness cycle, and the estrous cycle dependent changes in the PS rhythm may be the reflection of steroidal modification of the sleep rhythm and the site of action may be the inside of the medial preoptic anterior hypothalamic structures, but this area may also be affected by the output from the medial basal hypothalamus.
The author (1978, 1980) has previously demonstrated that the circadian rhythm of paradoxical sleep (PS) in the female rats showed changes associated with the estrous cycle and the administration of estradiol (E 2) with or without progesteron (P) to ovariectomized (OVX) rats resulting in a night PS decrease. These estrous cycle dependent changes and the sex steriodal modification of the circadian PS rhythm seemed to be correlated with the sex steroid feedback mechanisms which might be mediated by the anterior limbic area. On the other hand, the guinea pig is a unique common laboratory rodent having a long estrous cycle with a true luteal phase. In contrast to the rat, the deafferentation of the medial basal hypothalamus (MBH) in the guinea pig did not disturb the estrous cycle or ovulation (Terasawa and Wiegend 1978, Butler and Donovan 1971) as in the rhesus monkey (Krei et al., 1975 , Norman et al., 1976 . However, reports concerning the circadian rhythm in the guinea pig have been quite few and it has not been determined whether the guinea pig is a circadian animal or not.
It was of interest, therefore, to study the species difference in neuroendocrine mechanisms from the viewpoint of the relationship between the circadian sleep rhythm and central feedback mechanisms of gonadal steroid. The present study was undertaken to clarify the correlation of circadian sleep rhythm with the central feedback mechanisms of gonadal steroids. The estrous cycle was followed by daily examination (between 09:00-10:00 h) of the vaginal membrane. Vaginal smears were taken by irrigating the vagina with a few drops of clean water on days when the vaginal membrane was spontaneously opened. The smears were observed under a microscope and the cell types present were recorded.
The estrous cycle of guinea pigs is regularly 16 to 20 days long. The vaginal membrane spontaneously open for 3-5 days, and thus vaginal smears during vaginal opening were observed.
The leucocytic smears are sometimes obtained on 1st day of vaginal opening (late diestrus), the nucleated superficial epitherial cells are characteristic on first or second day of vaginal opening (proestrus), and during the following one or two days vaginal smears contain cornified superficial epitherial cells. The appearance of large numbers of leucocytes is signals the beginning of the next diestrous interval.
The animals having regular estrous cycles for 1-2 months were selected for the study.
Experimental groups
There were 5 experimental group: 1) intact control. 2) operated control, 3) the horizontal deafferentation above the medial preoptic area at the level of the anterior commisure (MPO roof cut), 4) the prechiasmatic deafferentation of the medial basal hypothalamus (PCD), and the large complete deafferentation of the medial basal hypothalamus (CDL). All groups contained 4 to 6 animals.
All animals were ovariectomized after a long term recording experiment for 20 to 30 days. After over one month OVX, all animals were used again for a recording experiment to see the effect of gonadal steroids.
Surgical procedure
The implantation of electrodes and surgical isolation of neural circuit were performed 5-6 weeks before recording under ether anesthesia. Stereotaxic coordination was based mostly on the atlas by Tindal (1965) . But this altas is based on the guinea pig weighing 700-830 g instead of our animals which weighed 300-430 g. Therefore, we reduced the coordination figure by 5%. The surgical isolation of the neural circuit was preceded by electrode implantation.
The locations of various knife cuts are shown in Fig. 1 . The MPO roof cut was made with the L-shaped knife (3 mm horizontal blade) at the level of the anterior comissure above the medial preoptic area. The PCD was made with the Halasz' knife (3 mm radius) anteriorly to the suprachiasmatic nucleus. The CDL extending from the caudal border of the optic chiasma to the mammillary bodies was made with the smaller Halasz' knife (2 mm radius). Recording procedure Twenty four hrs before recording, two animals were transfered to individual plastic cylindrical cages (30 cm in diameter and 40 cm high) in a sound reduced and electrically shielded room with a silvered mirror for observation.
These cages were put on the top pan food balance to record the animal's activity. The shaking of the balance indicator due to the animal's movement was converted to an ON-OFF signal by means of a photoelectric switch and counts for every hour were totalled. The IC connector on each animal's head was coupled to a suspended recording cable and the animal was allowed to adapt to the recording conditions for 24 hr. The physiological signals for two animals were recorded on a 9 channel EEG recorder with a multipurpose amplifier (ME 95D, Nihon Koden).
The polygraphic records at a slow speed (1 mm/sec) were divided into 3 sleep-wakefulness stages alertness (A), slow wave sleep (SWS) and paradoxical sleep (PS), according to the characteristic changes in the cortical, hippocampal and pontine reticular EEGs, the dorsal neck EMG and the eye movements, by visual inspection and with a Sleep Pattern Analyzer (Diamedical System Co.). (Fig. 2 of activity was 2:00 a.m. to 6:00 a.m.. (Fig. 1.) . All guines pigs in both intact and operated control groups showed a 16-20 day estrous cycle. On the proestrous night, a 12hr PS amount from 18:00 to 6:00 hr showed a significant decrease compared with The OVX guinea pig bearing brain deafferentations The steroidal effect on sleep rhythm in the OVX-MPO roof cut guinea pig was coincident with that in the intact OVX guinea pig, but that in the PCD-OVX guinea pigs was disrupted.
The E2 administration in the PCD-OVX guinea pig gradually decreased the bihourly PS amount beginning 20-24 hr after E2 injection, and the P treatment 48 hrs after E2 did not show any changes in E2-induced PS decrease on that day. The decreased PS appearance recovered 20-24 hrs after P administration.
Neither E2 nor P treatment did resulted in any changes in the SWS appearance.
Discussion

Circadian rhythmicity in guinea pig
The literature concerned with the circadian rhythm in guinea pigs is very limited. In the present study, the SWS and PS did not show an apparent circadian cyclicity, while the running activity showed a clear circadian cyclicity. Ibuka (1982) reported that immature precocial animals such as the guinea pig, horse or monkey showed the same rhythm characteristics as in adulthood, and guinea pigs showed an ultradian sleep rhythm. But the female cat, an altricial animal, also showed an ultradian rhythm in both the immature and adult period (unpublished data). In the guinea pig, the rhythm of running activity, plasma cortisol contents (Garris, 1979), feeding pattern (Horton et al., 1975) , brain serotonin and norepinephrine contents (Philo et al., 1977) , histamin response (Sheving et al., 1972) , mitotic response (Reeve, 1978) , retinal melatonin contents (Pang et al., 1982) , and electrical response of pineal cells (Semm and Vollath 1980) showed circadian cyclicity.
It is better to say, therefore, that the guinea pig by nature is a circacian animal, but that this cyclicity did not manifest itself in sleep-wakefulness cycle. Furthermore, it is very interesting that the guinea pig shows three different cycles: 1) the rhythms in the plasma cortisol, brain norepinephrine show a similar pattern to a diurnal animal, 2) the rhythms in brain serotonin, feeding pattern, mitotic response and running activity Arrows under each graph of paradoxical sleep represent steroids injection with their dosages. All injections were performed at noon. Right graphs show the 12 hr mean amounts of paradoxical sleep with standard errors for 4-8 guinea pigs during 6.00-18.00 h (open bars) and 18.00-6.00 h (black bars). E2, estradiol benzoate;P, progesteron; s.c. inj., subcutaneous injection; *, P <0.05. Vol.30, No .3   GUINEA  PIG  SLEEP  RHYTHM  AND  SEX  STEROID  349 show a similar pattern to a nocturnal animal and 3) the rhythm of sleep-wakefulness and testosteron (Pajot and Delost 1977) indicate an ultradian cyclicity. The reason for these various results in the rhythmicity of guinea pig cannot be explained at this point.
Sleep rhythm and estrous cycle
The author (1980) has previously reported that the PS rhythm in the female rats reflected the steroid feedback activity. The estrous cycle in the guinea pig is normally 16-20 days long with a true luteal phase. The present study demonstrated that the guinea pig also has changes in PS rhythm dependent in the estrous cycle, and this phenomenon is maintained after MPO roof cut, but disrupted after PCD. These reuslts resembled those for rats. Terasawa and Wiegend (1978) reported that the CDL-guinea pig maintained the normal estrous cycle and ovulation. In the present study, 2 out of 6 CDL-guinea pigs showed the estrous cycle (periods were 18-25 days), but during 20 days recording period, the vaginal opening was not observed. Thus, it was not clear whether the CDL guinea pig shows the estrous cycle dependent PS changes or not. Terasawa et al. (1979) showed in the guinea pig that the LH surge occurred 36 hr after the E2 treatment and 6 hrs after the P treatment (30 hr after the E2), these PS changes would not depend on the LH changes in blood due to sex steroids, but would be due to the direct effect of sex steroids in the central nervous system. The MPO roof cut in rats disrupted the E2 induced night PS decrease, but the guinea pig with the MPO roof cut showed both the E2 induced and P induced PS decreases as well as the rebound-like PS increase. The PCD disrupted the steroid induced PS changes. This result seems to indicate that the site of the steroidal modification of sleep rhythm in the guinea pig is inside the medial basal hypothalamus (MBH) and the medial preoptic and anterior hypothalamic (MPO-AH) neuroendocrine input to the MBH may affect the gonadotropin release and may modify the sleep rhythm.
Sleep rhythm and sex steroid
However, the CDL-OVX guinea pig showed a PS decrease after the E2 treatment, but did not show a PS increase after P treatment. Terasawa and Wiegend (1978) obtained similar results When checking ovulation and gonadotropin release. They interpreted them to mean that there may exist an MPO-AH neuroendocrine connection to the MBH or the CDL may differentialy isolate normally counterbalancing facilitatory and inhibitory input to neural elements within the MBH regulating the ovulatory release of gonadotropins. The meaning of our results on the CDL-OVX guinea pig may be different from those of Terasawa and Wiegend, since the steroidal modification of sleep rhythm is due to the neural mechanism while ovulation is due to the gonadotropin secretion.
The following hypothesis may be offered to reconcile these contradictory results: 1) the gonadotropins released from the pituitary YAMAOKA Endocrinol.
Japon. June 1983 in CDL guinea pig may influence the outside of the MBH and modulate the PS rhythm. 2) the CDL may isolate the output from MBH which influences the steroidal modification of sleep rhythm and may alter the neural element outside the MBH to directly effect the steroidal modification of the sleep rhythm.
Regarding the first hypothesis, the present study revealed that the E2 induced PS decrease did not depend on the gonadotropin release. Therefore, this hypothesis could be neglected. As to the second hypothesis, the MPO roof cut did not disrupt the E2 and P modification of PS rhythm and the PCD disrupts the E2 and P modification. Therefore, the neural connection from the MPO-AH to MBH plays an important role in the steroidal modification of PS rhythm. However, the CDL induced a PS decrease after the E2 treatment, suggesting that the MPO-AH independently affects the neural mechanism for steroidal modification of PS rhythm.
From these results it may be concluded that 1) the guinea pig may be a circadian animal, but this is not manifested in the sleep-wakefulness rhythm, 2) the estrous cycle dependent changes in PS rhythm may be a reflection of the modification of PS rhythm by the gonadal steroid, 3) the main site of this steroidal modification in the guinea pig may be the outside of the MBH (probably the MPO-AH area), but this site is strongly affected by the MBH, but not by the limbic area in contrast to the rat.
